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Abstract
The aim of this work is the implemen-
tation of high-speed readout system for
X-ray particle detectors. In the first part,
the reader will get acquainted with the
principle of X-Ray particle detection and
the topics of FPGAs, USB SuperSpeed
standard, and multigigabit serial commu-
nication. The second part will be focused
on implementation of readout system on
Artix-7 FPGA and the characterization
of the transmission channel and its error
rate. Finally, the measured result will be
discussed.

Keywords: FPGA, gigabit transceiver,
GTP, readout system, USB

Supervisor: Ing. Jakub Jirsa
Faculty of Electrical Engineering, CTU
Technická 2
160 00 Prague 6 - Dejvice

Abstrakt
Cílem této práce je realizace vysokorych-
lostního vyčítacího systému pro částicové
detektory. V první části práce se čtenář se-
známí s principem detekce rentgenových
částic, bude uveden do tématu programo-
vatelných hradlových polí (FPGA), USB
SuperSpeed specifikace a do problema-
tiky vysokorychlostních sériových komu-
nikací. Druhá část bude zaměřena na im-
plementaci vyčítacího systému na FPGA
Artix-7 a charakterizaci přenosového ka-
nálu včetně jeho chybovosti. Zjištěné vý-
sledky budou diskutovány v závěru.

Klíčová slova: FPGA, gigabitový
transceiver, USB, vyčítací systém

Překlad názvu: Vyčítací systém s
FPGA pro částicové detektory
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Chapter 1

Introduction

Medical X-Ray imaging dates back into the 20th century. Its principle is
based on photon energy attenuation in various materials. X-Ray photons have
to be detected after passing through object of interest in order to produce
representative image. Most current medical X-Ray imaging systems use �lm
detectors. They are however limited in resolution, sharpness and sensitivity.

Pixel detectors are therefore being developed and slowly applied. Advance-
ments in particle detection that enabled more extensive experiments in the
�eld of particle physics have brought up other applications to utilize those
technologies. Pixel detectors are employed almost exclusively in computer
tomography. This however leads to increased demands on bandwidth of those
systems. Fast digital readout is therefore needed, as it provides the necessary
transmission speeds. High speed readout can signi�cantly reduce patient
exposure time and allows transmission of intensity image as well as photon
energy, which will further improve medical X-Ray diagnosis.

This thesis is focused on implementation and characterization of the readout
system for particle detectors using high bit rate transmission. This system is
implemented on �eld programmable gate array with integrated multi-gigabit
transceivers, which communicates with PC by the use of USB 3.0 SuperSpeed
interface. To control the readout system a graphical application is developed.
This application manages the USB 3 communication and ensures storing of
received data. The system is designed to handle data rate of3200 Mbps.
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Chapter 2

Applied technology

This chapter is a description of used technology stack. Design requirements
will be brie�y discussed and from those a particular hardware will be intro-
duced.

Principal system components are depicted on �gure 2.1. The signal chain
starts with detector with ASIC (application speci�c integrated circuit) fron-
tend chip. It is connected to a readout system, which consists of FPGA
and USB interface transceiver. The transceiver is connected to a PC that is
receiving the data stream.

Figure 2.1: Detector and readout system diagram

2.1 Particle detectors

Particle detectors are devices used to detect and measure particles. Their
applications range from medical X-Ray detectors to scienti�c instruments
used in large experiments. Historically detectors were gas based. Geiger
counter was one of such devices. They comprise from a tube �lled with
inert gas and electrodes to which high voltage is applied. If incident particle
enters the tube, it causes the gas to brie�y conduct due to ionization. These
peaks in current can than be counted or integrated. In medical applications,

3
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